NON-CONTACT TYPE PROFILE MEASURING APPARATUS 



BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to a non-contact type 

profilemeasuring apparatus for irradiating parallel rays 
on a measurement object, thereby measuring the dimension 
of a generated shadow portion as the outside dimension 
of the measurement object. 

10 

Related Art 

There is a non-contact type profile measuring 
apparatus having a laser and a polygon mirror in a light 
projecting section. A laser beam oscillated within a 

15 constant angle range by the polygon mirror passes through 
a mirror and a collimator lens to be changed into parallel 
rays . The parallel rays are irradiated on a measurement 
object, for example, a cylindrical and long obj ect . Then 
the parallel rays including a shadow thereof are received 

20 by a light receiving element through a light receiving 
lens . 

The light receiving element converts a light 
receiving signal including the shadow of the measurement 
object into an electric signal. The electric signal is 
25 sent to a signal processing section including a 
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microprocessor. The signal processing section detects, 
through edge extraction, a portion corresponding to the 
shadow of the measurement object in the light receiving 
signal received by the light receiving element . Further, 
the signal processing section calculates the dimension 
of the shadow from a time of the edge extraction . A value 
thus obtained is displayed on a display section of the 
non-contact type profile measuring apparatus as a 
measurement result of the outside dimension of the 
measurement ob j ect . 

In addition to the advantage that measuring 
precision is high, the non-contact type profile measuring 
apparatus using the laser has an advantage that a measured 
portion of the measurement obj ect can be confirmed easily 
because the locus of the laser which can be visualized 
is described on the surface of the measurement object. 
With respect to the measuring apparatus, however, there 
is a problem in that the apparatus is expensive and the 
service life of the movable section for rotating the 
polygon mirror is undesirable. 

There is another non- contact type profile measuring 
apparatus having a telecentric optical system. The 
telecentric optical system has such a structure that a 
diaphragm is provided in the focal position of a light 
receiving lens so that only parallel rays or components 



close thereto in a light which has passed through the 
light receiving lens pass through the diaphragm and then 
reach a one-dimensional image sensor. 

According to such a structure, it is possible to 
5 use an inexpensive light source such as a light emitting 
diode or a lamp for a light projecting section in place 
of alaser. Moreover, deflecting means , such as a polygon 
mirror, is not required. 

One of the drawbacks of the non-contact type profile 

10 measuring apparatus using the telecentric optical system, 
however, is that the measured portion of the measurement 
object is visualized with difficulty. In the system using 
the laser and the polygon mirror, the section of the 
parallel rays obtained by the collimator lens has a 

15 straight shape, and a locus thereof is described on the 
surface of the measurement object. Therefore, the 
measured portion can be visualized easily. In the 
telecentric optical system, however, the uniform section 
obtained by the collimator lens is almost circular. 

20 Therefore, it is hard to specify the measured portion 
even if a light source having a visable color is used. 



SUMMARY OF THE INVENTION 
In order to solve the problems described above, 
25 it is an object of the invention to provide a non-contact 
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type profile measuring apparatus having a telecentric 
optical system, which easily specifies a measured portion 
of a measurement object. 

The above-mentioned object can be achieved by a 
5 non-contact type profile measuring apparatus, according 
to the invention, comprising: 

a converting section for converting a light 
transmitted from a light source into a light including 
a component parallel with an optical axis; 
10 a light receiving lens for receiving a light 

including a shadow of a measurement object which is 
provided to intercept a part of the light; 

a diaphragm provided in a rear side focal position 
of the light receiving lens; 
15 a one-dimensional image sensor for receiving a light 

passing through the diaphragm; 

a signal processing section for obtaining a 
dimension of the shadow of the measurement object as an 
outside dimension of the measurement object by processing 
20 an electric signal obtained from the one -dimensional image 
sensor; 

a display section for displaying the outside 
dimension thus obtained; 

a beam splitter provided on an optical path between 
25 the light receiving lens and the one-dimensional image 
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sensor; and 

a two-dimensional image sensor for receiving a light 
split by the beam splitter, 

wherein the signal processing section processes 
5 an electric signal obtained from the two-dimensional image 
sensor, and the display section displays a monitor image 
including a measured portion of the measurement object, 
A light diffusing plate or a collimator lens may be used 
for the converting section for converting the light 
10 transmitted f romthe light source into the light including 
a component parallel with the optical axis. 
Alternatively, the surface of a lens of an LED to be used 
for the light source may be processed to have a diffusing 
function . 

15 According to such a structure, the monitor image 

including the measured portion of the measurement object 
is displayed on the display section. Therefore, a user 
can easily specify the measured portion of the measurement 
object. The circular section of the parallel rays in 

20 the telecentric optical systemhaving the light receiving 
lens and the diaphragm provided in the rear side focal 
position thereof , isaregiontobedisplayedas the monitor 
image . 

It is preferable that the beam splitter is provided 
25 between the diaphragm and the one -dimensional image sensor . 
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Such an arrangement can be provided in a magnifying optical 
system capable of increasing a distance between the 
diaphragm and the one-dimensional image sensor. An 
advantage of the present invention is that a diaphragm 
5 is not required for an optical path from the beam splitter 
to the two-dimensional image sensor* 

In the case in which the beam splitter is provided 
between the light receiving lens and the diaphragm, a 
second diaphragm is further provided in a second rear 

10 side focal position of the light receiving lens formed 
between the beam splitter and the two-dimensional image 
sensor. By decreasing the distance between the diaphragm 
and the one-dimensional image sensor to obtain a reducing 
optical system, it is possible to obtain the advantage 

15 wherein the optical system can be of a smaller size. 

The distance is generally based on the available 
range of the beam splitter. Therefore, compared with the 
beam splitter provided between the diaphragm and the 
one-dimensional image sensor, the distance between the 

20 diaphragm and the one-dimensional image sensor in the 
case where the beam splitter is provided between the light 
receiving lens and the diaphragm, can be decreased by 
the available range of the beam splitter. One example 
of the decreasable distance is basically a range of from 

25 10mm to 100mm, although the distance depends on device 
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size and the like. 

Further, it is preferable that the signal processing 
section obtains a measuring line corresponding to the 
measured portion of the measurement object from which 
5 the one-dimensional image sensor receives the light, and 
the display section displays the measuring line so that 
it is superposed on the monitor image of the measurement 
object. Consequently, the user can specify the measured 
portion of the measurement object more accurately. A 

10 me t hod of controlling the displayposition of the measuring 
line which is to be carried out before the shipment of 
the profile measuring apparatus will be described below. 

Furthermore, it is preferable that the signal 
processing section obtains a mark indicative of an edge 

15 position of the shadow of the measurement object by 
processing the electric signal obtained from the 
one-dimensional image sensor, and the display section 
displays the mark so that it is superposed on the monitor 
image of the measurement ob j ect . Consequently, the user 

20 can visually confirm a portion (edge position) measured 
as the outside dimension (from an edge to an edge) in 
the measured portion (measuring line ) of the measurement 
object . A method of controlling the relationship between 
the mark display of the edge position and the monitor 

25 image which is to be carried out before the shipment of 
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the measuring apparatus will be described below. 

As described above, according to the non-contact 
type profile measuring apparatus having the telecentric 
optical system of the invention, the monitor image 
including the measured portion of the measurement object 
is displayed on the display section. Therefore, a user 
can easily specify the measured portion of the measurement 
object. Moreover, the measuring line indicative of the 
measured portion measured by the one-dimensional image 
sensor and the mark indicative of the edge position on 
the measuring line are displayed on the display section 
so that they are superposed on the monitor image. 
Therefore, in the case in which the outside dimension 
of the particular portion of the measurement object is 
measured, it is possible to accurately position the 
measurement object in such a manner that the shift or 
inclination of the measurement object is not caused while 
watching the monitor image. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram showing a structure 
including the optical system of a non-contact type profile 
measuring apparatus according to an embodiment of the 
invention ; 

Fig. 2 is a chart showing an example of the voltage 



waveform of the output signal of a one-dimensional image 

sensors- 
Fig. 3 is a block diagram showing the internal 

structure of a signal processing section; 
5 Fig. 4 is a diagram showing an example of screen 

display in a display section; 

Fig. 5A is a perspective view showing an example 

of a measurement object; 

Figs. 5B and 5C are respectively views showing an 
10 example of a monitor image thereof; 

Figs* 6A-6C are respectively diagrams showing an 

example of a method of finely controlling the display 

position of a measuring line in the display frame of a 

monitor image; and 
15 Fig. 7 is a block diagram showing a structure 

including the optical system of a non-contact type profile 

measuring apparatus according to another embodiment of 

the invention. 

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the invention will be described below 
with reference to the drawings. 

Fig. 1 is a block diagram showing a structure 
including an optical system of a non-contact type profile 
25 measuring apparatus according to the embodiment of the 
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invention, A non-contact type profile measuring 
apparatus 1 comprises a light source 11, a light source 
driving circuit 12, a collimator lens 13, a light receiving 
lens 14, a first diaphragm 15, a beam splitter 16, a 
one-dimensional image sensor 17, a second diaphragm 18, 
a two-dimensional image sensor 19, a signal processing 
section 20, and a display section 21. The light source 
11 includes an LED (light emitting diode) or a lamp. The 
one-dimensional image sensor 17 will also be referred 
to as a linear sensor. The two-dimensional image sensor 
19 will also be referred to as an area sensor . The display 
section 21 includes a CRT (for example, a cathode ray 
tube) or a LCD (a liquid crystal display) . 

A light emitted from the light source 11 driven 
by the light source driving circuit 12 is changed into 
a parallel ray 22 through the collimator lens 13, The 
parallel ray 22 is irradiated on a measurement object 
23. The collimator lens 13 transmits a ray beam including 
a parallel ray. The light receiving lens 14 typically 
receives only the parallel ray from the ray beam which 
passes through the collimator lens 13, that is, the whole 
ray beam transmitted from collimator lens 13 can, for 
example, be from 3 times to 5 times more than the amount 
of light encompassed by the parallel ray 22. The 
measurement object can be any shape and/or size. For 
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example, the measurement object 23 is almost cylindrical 
and long. A diameter of the measurement object 23 is 
an outside dimension to be measured. A shadow portion 
24 is gene-rated on the rear side of the measurement object 
5 23. By obtaining the width (dimension) of the shadow 
portion 24, therefore, the outside dimension of the 
measurement object 23 is measured. 

The parallel ray 22 (or almost parallel ray) 
including the shadow portion 2 4 of the measurement ob j ect 

10 23 is collected by the light receiving lens 14. The 
collected ray is incident on the one-dimensional image 
sensorl? through the be am splitterl6and the first diagram 
15, Moreover, the light split by the beam splitter 16 
is incident on the two-dimensional image sensor 19 through 

15 the second diaphragm 18. 

The first diaphragm 15 is provided in the position 
of a rear side focal point of the light receiving lens 
14. Consequently, there is formed a telecentric optical 
system in which only parallel rays or components close 

20 thereto in the light passing through the light receiving 
lens 14 reach the one-dimensional image sensor 17 through 
the first diaphragm 15 . Similarly, the second diaphragm 
18 is provided in a second rear side focal position formed 
between the beam splitter 16 and the second-dimensional 

25 image sensor 19. The parallel rays or components close 
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thereto in the light passing through the light receiving 
lens 14 reach the two-dimensional image sensor 19 through 
the second diaphragm 18. 

The one-dimensional image sensor 17 is preferably 
5 a linear image sensor having the pixel of a CCD arranged 
in a line, for example. In general, the one-dimensional 
image sensor is specializedtoacquirethe one -dimensional 
information (length) of the measurement object. 
Therefore, the one-dimensional image sensor has a pitch 

10 between pixels which is smaller (a resolving power which 
is higher) than that in the two-dimensional image sensor. 
For example, the pitch between the pixels of the 
one-dimensional image sensor can be 7 microns while the 
pitch between pixels of the two-dimensional image sensor 

15 can be 10 microns, although these values change depending 
on the progress of the technology. Furthermore, the 
one-dimensional image sensor has a feature wherein the 
processing time required for transferring electric 
charges for one cycleisshort. For example, the processing 

20 time of the one-dimensional image sensor can be 0.2 
millisecond while the processing time of the 
two-dimensional image sensor canbe about 16 milliseconds, 
although these values change depending on the progress 
of the technology. Other times are possible. When such 

25 a one-dimensional image sensor 17 is used for measuring 
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the outside dimension, the structure of the signal 
processing section can be simplified and the measurement 
can be carried out at a high speed, in view of the 
improvements and benefits described above. 
5 The two-dimensional image sensor 19 is an ordinary 

CCD area sensor. The two-dimensional image sensor 19 
is used for picking up a monitor image within the parallel 
rays 2 2 including the shadow portion 24 of the measurement 
object 23, A color image sensor or a monochrome image 

10 sensor may be used as two-dimensional image sensor 19. 

Fig. 2 shows an example of the voltage waveform 
of the output signal of the one-dimensional image sensor 
17. A voltage level corresponds to the amount of light 
receipt of the one-dimensional image sensor 17. The 

15 voltage level is greatlyreducedinaportioncorresponding 
to the shadow portion 24 of the measurement object 23. 
By comparing the output signal of the one-dimensional 
image sensor 17 with a predetermined threshold Vsh, a 
time Tsh corresponding to the width of the shadow portion 

20 24 of the measurement object 23 is obtained. If a length 
(dimension) corresponding to the time Tsh is calculated, 
the outside dimension of the measurement object 23 (for 
example, the diameter of a cylindrical and long object) 
can be measured . 

25 
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In the actual signal processing section 20, the 
edge detection is carried out to accurately obtain the 
time Tsh. More specifically, the edge detection 
accurately acquires a leading edge and a trailing edge 

5 in the output signal of the one-dimensional image sensor 
17. As a method of carrying out the edge detection, for 
example, there is a well known method of obtaining the 
zero cross point of a two-step differential waveform. 
By calculating the time between the edges thus obtained, 

10 the time Tsh corresponding to the outside dimension of 
the measurement object 23 is accurately obtained. 

Fig. 3 is a block diagram showing the internal 
structure of the signal processing section 20 in the 
non-contact type profile measuring apparatus according 

15 to the embodiment. The signal processing section 20 has 
an A/D converter 31, an edge extracting section 32, a 
subpixel processing section 33, a distance calculating 
section 34, an edge cursor generating section 35, a 
measuring line generating section 36 and a signal 

20 synthesizing section 37. 

The output signal of the one-dimensional image 
sensor 17 is converted into a digital signal by the A/D 
converter 31 and is then sent to the edge extracting sect ion 
32. The leading and trailing edges of the portion 

25 corresponding to the shadow portion 24 of the measurement 



14 



object 23 are extracted in the edge extracting section 
32. In the subpixel processing section 33, a subpixel 
processing is carried out and data obtained after the 
processing are given to the distance calculating section 
5 34, The subpixel processing is to smooth a step-like 
change in a voltage between the picture elements (pixels) 
of the image sensorbyan average processing. The distance 
calculating section 34 calculates the distance (length) 
between theedgesonthebasis ofdataontheedgeposition. 
10 The processing of each of the sections is mainly executed 
according to the program of the microprocessor in the 
embodiment • 

The distance data calculated by the distance 
calculating section 34 is given to the display section 

15 21 through the signal synthesizing section 37, and is 
numerically displayed as a measured value of the outside 
dimension on the screen of the display section 21. 
Moreover, the signal synthesizing section 37 directly 
receives the output signal of the two-dimensional image 

20 sensor 19. The output signal of the two-dimensional image 
sensor 19 is equivalent to a monitor image signal within 
the parallel ray 22 including the shadow portion 24 of 
the measurement object 23 as described above. 
Consequently, the monitor image including the measured 

25 portion of the measurement obj ect 23 is displayed together 
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with the measured value of the outside dimension on the 
screen of the display section 21. 

Further, the measuring line generating section 36 
generates a measuring line corresponding to the measured 
5 portion of the measurement object measured by the 
one-dimensional image sensor 17. The edge cursor 
generating section 35 generates an edge cursor (edge 
position mark) corresponding to the edge position of the 
shadow portion 24 of the measurement object 23 in the 

10 measuring line. 

The measuring line generated by the measuring line 
generating section 36 and the edge cursor generated by 
the edge cursor generating section 35 are superposed on 
the monitor image and are displayed on the screen of the 

15 display section 21. The details of the display will be 
described below. 

Fig. 4 shows an example of screen display obtained 
by the display section 21 in the non-contact type profile 
measuring apparatus according to one embodiment. 

20 A measured value 42 of the outside dimension is 

displayed on the right side of a display screen 41. A 
monitor image 4 5 including a measured portion is displayed 
on the left side. Numeric value display frames 43 and 
4 4 provided under the measured value 4 2 shows preset upper 

25 and lower values of the outside dimension . Itispossible 
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to decide whether or not the measured value 42 ranges 
within a tolerance defined by the upper and lower values . 

A vertical line 46 is displayed in the central part 
of the display frame of the monitor image 4 5 . The vertical 

5 line 46 is a measuring line generated by the measuring 
line generating section 36, and indicates a measured 
portiontobemeasuredbythe one -dimensional image sensor 
17 . Moreover, triangular marks 47 in two places are edge 
cursors generated by the edge cursor generating section 

10 35. The triangular mark indicates the edge position 
of the shadow portion 24 of the measurement object 23 
in the measuring line 46. 

Fig. 5A is a perspective view showing an example 
of the measurement object 23. Figs. 5B and 5C show an 

15 example of the monitor image 45 obtained in the case in 
which the portion to be measured cannot be measured 
accurately. The measurement object 23 has an almost 
cylindrical shape and has a small diameter portion (a 
groove portion) formed on the central part in an axial 

20 direction. It is assumed that a diameter cpD of the small 
diameter portion is an outside dimension to be measured. 
In the monitor image 45 of the display screen 41 shown 
in Fig. 4, it is clear that the small diameter portion 
of the measurement object 23 (shadow portion 24) is 

25 accurately positioned on the measuring line 46 and the 
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two edge cursors 47 measure the diameter cpD of the small 
diameter portion. 

In the example of the monitor image 45 shown in 
Fig. 5B, however, it is indicated that the measuring line 
46isshiftedfrom the small diameter portion of the shadow 
portion 24 . Further, the two edge cursors 47 do not measure 
the diameter of the small diameter port ion but the diameter 
of a large diameter portion . In the example of the monitor 
image 45 shown in Fig. 5C, the shadow portion 24 of the 
measurement object 23 is inclined with respect to the 
measuring line 46. It is apparent from the display of 
the two edge cursors 47 that the small diameter portion 
is not measured accurately. 

By displaying the monitor image 45 including the 
measured portion on the display screen 41 in addition 
to the measured value 4 2 as described above, it is possible 
to easily ascertain whether the portion to be measured 
is inclined or shifted. Moreover, the measuring line 
46, indicative of the measured portion to be measured 
by the one -dimensional image sensorl7, andtheedge cursor, 
indicative of the edge position in the measuring line 
46, are displayed on the display section 45 so that they 
are superposed on the monitor image 45, Therefore, in 
the case in which the outside dimension of the particular 
portion of the measurement object 23 described above is 
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measured, it is possible to accurately position the 
measurement object 23 while watching the monitor image 
45 . 

The display position of the measuring line 45 is 
fixed to the center of the monitor image 45, Preferably, 
fine control of the display position of the measuring 
line should be carried out in the following manner before 
the shipment of the profile measuring apparatus 1, for 
example. The reason was described earlier. In the 
optical system shown in Fig. 1, the optical path from 
the light source 11 to the beam splitter 16 is shared 
by the light receiving system of the one -dimensional image 
sensor 17 and that of the two-dimensional image sensor 
19 . Therefore, there is no deviation in the relationship 
between both image forming positions. In the optical 
system provided behind the beam splitter 16, however, 
the deviation in the relationship between both image 
forming positions may occur because the light receiving 
system of the one-dimensional image sensor 17 and that 
of the two-dimensional image sensor 19 act as individual 
light receiving paths, respectively. 

In other words, a deviation in the relationship 
between the image forming positions which is caused by 
the attachment positions or an error in an inclination 
of the one -dimensional image sensor 17 and the 
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two-dimensional image sensor 19 may occur for each profile 
measuring apparatus 1 . In order to correct the deviation, 
it is preferable that the display position of the measuring 
line 46 in the display frame of the monitor image 45 is 
5 finely controlled for each profile measuring apparatus 
1 . 

Figs. 6A-C show an example of a method of finely 
controlling the display position of the measuring line 
46 in the display frame of the monitor image 45. 
10 First of all, a metal plate 51 or other material 

having two pin holes 52 shown in Fig. 6A formed thereon 
is prepared. The metal plate 51 is measured as a 
measurement object for a test by the profile measuring 
apparatus 1 to carry out positioning such that the two 
15 pin holes 52 are positioned on the measuring line 46. 
The positioning is carried out while monitor ing the output 
voltage signal of the one-dimensional image sensor 17 
shown in Fig . 6B . The output signal of the one -dimensional 
image sensor 17 may be observed by a measuring device 
20 such as an oscilloscope . The profile measuring apparatus 
1 may have a test mode function of displaying the output 
voltage signal of the one-dimensional image sensor 17 
on the display section 21 of the profile measuring 
apparatus 1 . 

25 In the case in which the two pin holes 52 are positioned 
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on the measuring line 46, a peak level appears in two 
places corresponding to the two pin holes 52 as shown 
in Fig. 6B. The metal plate 51 should be positioned such 
that both of the two peak levels are at their maximum 
5 heights. At this time, pin hole images 53 for the two 
places corresponding to the two pin holes 52 are displayed 
as the monitor image 45 in the display section 21 of the 
profile measuring apparatus 1. 

If the image forming position of the one -dimensional 
10 image sensor 17 is shifted from that of the two-dimensional 
image sensor 19 for the reason described above, the pin 
hole images 53 for the two places in the monitor image 
45 are shifted from the measuring line 46. In this case, 
thedisplayposition (andthe inclination) of themeasuring 
15 line 46 is changed by predetermined key input to carry 
out fine control such that the pin hole images 53 for 
the two places are positioned on the measuring line 46. 

The display position of the measuring line 46 thus 
finely controlled is stored in the memory of the measuring 
20 line generating section 36. Such fine control is to be 
carried out for each profile measuring apparatus 1 and 
is preferably performed once before shipment, thereby 
the user does not need to carry out the control . Moreover, 
it is also possible to carry out the fine control such 
25 that the pin hole images 5 3 for the two places are pos it ioned 
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on the measuring line 45 by moving the fixing position 
of the holder of the two-dimensional image sensor 19, 
for example, without changing the display position (and 
the inclination) of the measuring line 46. 
5 Next, a description will be given to a method of 

controlling the display position of the edge cursor to 
be superposed on the monitor image and displayed. As 
shown in Fig, 3, the edge cursor generating section 35 
determines the display position of the edge cursor based 

10 on the signal sent from the one-dimensional image sensor 
17, Accordingly, a space between the two edge cursors 
47 in Fig, 4 accurately corresponds to the measured value 
calculated based on the output signal of the 
one-dimensional image sensor 17, for example. In order 

15 to accurately superpose the edge cursor 47 on the monitor 
image 45 (the shadow portion 24 of the measurement object 
23) picked up by the two-dimensional image sensor 19 and 
to display them, however, it is necessary to adjust the 
relationship between both positions (a bias and a gain) 

20 in a direction along the measuring line 46, 

Since the pixel numbers and pixel sizes of the 
one-dimensional image sensor 17 and the two-dimensional 
image sensor 19 are well known, the relationship between 
an image forming position on the one-dimensional image 

25 sensor 17 and a position in a direction along the measuring 
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line 46 on the two-dimensional image sensor 19 is obtained 
by a calculation. Accordingly, the edge cursor 
generating section 35 can obtain the position in the 
direction along the measuring line 4 6 on the monitor image 
5 45 by carrying out a predetermined operation over the 
edge position obtained from the output signal of the 
one-dimensional image sensor 17. Alternatively, a 
reference table (lookup table) obtained by previously 
calculating the relationship between both positions at 
10 a predetermined interval may be stored in the memory of 
the edge cursor generating section 35. In this case, 
the edge cursor generating section 3 5 can obtain a position 
in the direction along the measuring line 4 5 on the monitor 
image 45 corresponding to the edge position obtained from 
15 the output signal of the one-dimensional image sensor 
17 by referring to the lookup table . 

Referring to the relationship between the display 
position of the edge cursor 47 and the monitor image 45, 
in the same manner as in the display position of the 
20 measuring line 46, a deviation may be caused for each 
profile measuring apparatus 1 by the attachment positions 
or an error in an inclination of the one-dimensional image 
sensor 17 and the two-dimensional image sensor 19. 
Accordingly, it is preferable that the display position 
25 of the edge cursor 47 is also controlled finely before 



23 



the shipment of the profile measuring apparatus 1. The 
fine control is carried out by changing the display 
position of the edge cursor 47 by predetermined key input 
such that the edge cursor 47 is accurately displayed in 
5 the edge portion of the monitor image displayed when the 
proper measurement object 23 is measured. 

Next, Fig, 7 shows a structure including the optical 
system of a non~contact type profile measuring apparatus 
according to another embodiment of the invention. 

10 In the opt ical system shown in Fig . 1 , a beam splitter 

15 is provided between a first diaphragm 15 and a 
one-dimensional image sensor 17 differently from the 
optical system according to the embodiment shown in Fig. 
1. Consequently^ the optical system shown in Fig* 7 does 

15 not require the second diaphragm 18 which is required 
for the optical system shown inFig. 1. Theoptical system 
shown in Fig. 7 can easily be employed in a structure 
in which a distance between the first diaphragm 15 and 
the one-dimensional image sensor 17 can be comparatively 

20 increased as in the case of a magnifying optical system. 
In the case in which the size of the one-dimensional image 
sensor 17 is small and the distance between the first 
diaphragm 15 and the one-dimensional image sensor 17 is 
short/ (e.g., over ten millimeters , more specifically, 

25 a range of not less than 10 millimeters and not more than 
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twenty millimeters . Other amounts are possible.) as in 
an ordinary reducing optical system, it is difficult to 
provide the beam splitter 16 therebetween. Therefore^ 
for the ordinary reducing optical system, the structure 
5 of the optical system shown in Fig. 1 is suitable* 

While the embodiments of the invention have been 
describedby properly including thevariant, the invention 
is not restricted to the embodiments and the variant but 
can be embodied in various configurations, 

10 
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